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Description 
Driver circuit 

5 The invention relates to a driver circuit, in particular 
an 10 driver circuit. 

In the case of complex integrated electronic circuits 
frequently several different circuit modules share a 

10 common bus, for example a data or control bus. In order 
to avoid access conflict on the bus, it must be possible 
to disconnect the circuit modules from the bus. This is 
usually ensured by the fact that bus-connected driver 
circuits of the circuit modules can be changed into 

15 several different states. The different states in 

particular comprise an active state, in which a circuit 
module is electrically coupled with the bus, in order to 
be able to drive data to the bus, as well as an inactive 
state, in which a driver circuit is connected in such a 

20 manner that the module is uncoupled from the bus, that is 
to say it cannot drive data to the latter. For example 
the driver circuit is connected at high impedance for 
this purpose. 

25 Over- and/or under-voltages can occur on buses, for 

example when a maximum or a minimum permissible voltage 
level on a bus is exceeded or not reached. As a result 
damage or malfunctioning of the driver circuits can 
occur. 

30 

Circuit modules, which are operated with different supply 
voltages, can also be connected to a common bus. An 
example for this case is the operation of circuit modules 
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with a supply voltage of 3.3 V on a common bus together 
with circuit modules which are operated with a supply 
voltage of 5 V. Here the driver circuits of the low 
voltage circuit modules must not be destroyed or impaired 
5 in their function by voltage levels up to 5 V or even 
higher if voltage surges occur. 

Fig. 2 shows a known driver circuit, which is implemented 
for a CMOS process. The driver circuit is coupled via a 

10 circuit node 10 to a bus (not represented) . In the case 

of an .integrated circuit the circuit node 10 can be a pad 
for example. The circuit node is connected via the load 
sections of two p-channel-MOSFET' s PI and P2 switched in 
series with a first voltage Uio. In addition the circuit 

15 node 10 is connected via the load sections of two n- 
channel-MOSFET' s Nl and N2 switched in series with a 
reference potential of 0 V for example. 

Digital data are switched to the circuit node 10 by a 
20 circuit module (not represented) via a first and a second 
port 18 or 20 of the driver circuit. For this purpose the 
first port 18 is connected via a gate control circuit 12 
to the gate of the MOSFET PI. A logic high level 
corresponding to the first voltage Ui 0 can be switched by 
25 a distributor logic (not represented) of the circuit 

module to the circuit node 10 via the first port 18. On 
the other hand the circuit node 10 via the second port 
20, which is connected to the gate of the MOSFET Nl can 
be connected to the reference potential. Therefore the 
30 distributor logic can switch a logic low level via the 
second port 2 0 to the circuit node 10. 
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The driver circuit can be switched by the two transistors 
P2 and N2 via the ports 18 and 20 to an active or an 
inactive state. A first and a second port 22 or 24 of the 
driver circuit are provided for permanently pre-set 
5 specified bias voltages. The first port 22 is connected 
to the gate of the MOSFET P2, the second port 24 to the 
gate of the MOSFET N2 . A voltage U b iasp or U b iasn is applied 
to the first and second port 22 or 24, these voltages 
maintaining their value invariably for the active and 
10 inactive state and lead to the problems described below 
in detail. 

In the active state of the driver circuit the two 
voltages U b i as p and U b iasn are selected in such a way that 

15 the transistors P2 and N2 are operated in saturation. In 
this way it is ensured that electric currents can be 
driven via the transistors P2 and N2 according to an 
interface specification to the circuit node 10 and the 
bus connected thereto. Furthermore the two transistors N2 

20 and P2 are provided for blocking off capacitance effects 
of the circuit node 10. 

When the driver circuit is in an inactive state, the two 
transistors PI and Nl are in a non-conductive state. This 

25 is obtained by applying the first voltage Uio at the gate 
of the transistor PI and the reference potential at the 
gate of the transistor Nl. Thus the paths are switched at 
high impedance from the circuit node 10 to the potential 
Uio, and to the reference potential. The potential on the 

30 circuit node 10 now depends on the voltage ratios on the 
bus, which is connected to the circuit node 10. In 
particular other driver circuits on the same bus or 
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relatively high impedance bus restraining resistors can 
determine the voltage ratios. 

As already indicated in the case of some interface and 
5 bus specifications the pre-specif ied voltage levels on a 
bus can be exceeded or not reached, in particular if 
circuit modules or components are connected with varying 
supply voltages to a common bus. As a result the voltage 
levels on the bus can in principle become greater than 

10 the maximum permissible voltage levels on the transistors 
N2 and P2 . In order to prevent destruction or 
malfunctioning of the transistors P2 and N2, it is 
therefore necessary in the inactive state to apply bias 
voltages via the ports 22 or 24 at the gates of the two 

15 transistors P2 and N2, which change the transistors P2 
and N2 to a state in which the maximum permissible 
voltage cannot be exceeded between the circuit node 10 
and the respective gate of the transistors P2 and N2 . 

20 In this case it should be ensured that the two 

transistors P2 and N2 can withstand all permissible 
voltage levels on the bus, voltage levels which act 
directly on the circuit node 10. If however the range of 
voltage levels occurring on the circuit node 10 becomes 

25 too great, the bias voltages applied to the ports 22 and 
24 can no longer meet the demands on the two transistors 
P2 and N2 in the active state of the driver circuit. For 
example major or minor bias voltages can be selected in 
such a manner that in the active state only minor 

30 currents can flow through the load sections of the two 

transistors P2 and N2, so that the driver circuit can in 
total only drive a minor current to the circuit node 10 
and is therefore only suitable for buses with a minimum 
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capacitance load as well as for applications with low 
frequencies and possibly the specification of the 
interface can no longer be maintained. 

5 In order to circumvent this problem, the two transistors 
P2 and N2 can be designed to have a wide area. As a 
result they are also able with high bias voltages to 
drive sufficiently major currents to the circuit node 10. 
However a driver circuit of this kind if integrated on a 
10 semiconductor chip requires a very large surface area, as 
a result of which the integrated circuit becomes 
expensive. 

The following numerical example clarifies the problem: in 
15 a model CMOS technology transistors are available, which 
can be operated with maximum voltages of 3.6 V. Should 
driver circuits be implemented, which can be operated 
both in a 3.3 V as well as in a 5.0 V (interface) 
environment, approximately 3.3 V should be selected as 
20 the first voltage Ui 0 due to the voltage limitation of the 
transistors. If now components or circuit modules, which 
are operated with a supply voltage of 5.0 V, are also 
connected to a bus, that is connected to the driver 
circuits, voltage levels between approximately -0.9 V up 
25 to approximately 6.0 V can arise on the circuit node 10 

due to over- and under-swinging of the driver circuits in 
the inactive state. 

In order to prevent the maximum voltage between gate and 
30 drain (which is connected to the circuit node 10) of the 
transistors P2 and N2 being exceeded, a value of 
approximately 2.4 V (6.0 V - 3.6 V) should be selected 
for the two bias voltages U biasn and U biasp . As a result the 
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voltage levels arising throughout the range on the 
circuit node 10 cannot exceed the maximum permissible 
transistor voltages. However the transistor P2 is not in 
saturation with a gate voltage of approximately 2.4 V, as 
5 a result of which for a sufficient current a large 

channel and therefore a substantial surface area for the 
transistor P2 are necessary. 

The object of the present invention is to propose a 
10 driver circuit, which is to be implemented in particular 
on an integrated circuit in a cost-favourable way for a 
wide voltage level range on a circuit node. 

This object is achieved by a driver cirquit with the 
15 features according to claim 1. Preferential embodiments 
of the invention result from the dependent claims. 

An essential concept of the invention consists in 
regulating a control voltage of at least one transistor 

20 of a driver circuit, the load section of which is 
connected to a circuit node of the driver circuit, 
dynamically dependent on a voltage at the circuit node. 
This prevents a maximum permissible voltage being 
exceeded on at least one transistor, for example through 

25 high voltage on the circuit node due to over- or under- 
swinging on a bus connected to the driver circuit, which 
could destroy the at least one transistor or impair its 
function. 

30 In a concrete embodiment the invention relates to a 
driver circuit with 
- a circuit node, 
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- at least two first transistors, the load sections of 
which are switched in series and which connect the 
circuit node with a first voltage, 

- at least two second transistors, the load sections of 
5 which are switched in series and which connect the 

circuit node with a reference potential, and 

- a control circuit, which is formed in order to regulate 
at least a first control voltage on at least one 
transistor of the at least two first transistors and at 

10 least a second control voltage on at least one transistor 
of the at least two second transistors dependent on a 
voltage at the circuit node. 

A driver circuit of this kind is advantageously suitable 
15 for circuit modules which are operated with several 

circuit modules on a common bus. It can however also be 
used just as advantageously in any electronic circuit, 
in which over-voltages or under-voltages can occur on a 
circuit node. 

20 

A further advantage of the present invention is that the 
driver circuit in the active state consumes no static 
power, which in the case of conventional driver circuits 
is usually the norm. 

25 

The control circuit can also be formed in order to change 
the driver circuit dependent on an enabling signal to an 
active or an inactive state. As a result the driver 
circuit can be operated on buses where several circuit 
30 modules are electrically coupled with driver circuits at 
the same time. The enabling signal may for example be 
generated centrally by a bus-arbiter circuit, which 
monitors access to a common bus. Equally the enabling 
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signal may also be generated de-centrally by a circuit 
module, which the driver circuit uses or by another 
circuit module. 

The control circuit is also preferably formed in order to 
regulate the control voltages in the active state, in 
such a manner that the transistors controlled by the 
control voltages are approximately in saturation. As a 
result the transistors controlled by the control voltages 
are optimally selected and can drive major currents in 
the active state. If the driver circuit is 
integrated on a semiconductor chip, transistors can 
therefore be used with a smaller surface area than in the 
case of a driver circuit, in which the transistors in the 
active state can be operated as initially described not 
in saturation. 

The control circuit is also formed, in a preferential 
embodiment, in order to reduce the control voltages in 
20 the inactive state by a pre-set voltage, when at least 
one threshold value is exceeded as a result of the 
voltage on the circuit node. In other words the voltage 
on the circuit node is monitored for exceeding at least 
the threshold value by the control circuit. Only if the 
25 at least one threshold value is exceeded does the control 
of the control circuit, which regulates the control 
voltages, become active and reduce the control voltages 
in particular to prevent damage or malfunctioning of the 
transistors . 

30 

In a concrete embodiment, in particular for implementing 
the at least one threshold value, the control circuit may 
comprise a first electrical path from the circuit node to 



10 
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the reference potential, which electrical path has at 
least one diode in order to pre-set at least one 
threshold value. 

5 The first path in a preferential embodiment also has a 

switch, which is controlled by the enabling signal. As a 
result of the switch, preferably a transistor, the first 
path can, for example, be switched off via the enabling 
signal in the active state of the driver circuit. 

10 

Further regulation of the at least one threshold value 
may be achieved by a resistor in the first path. The 
resistor may also serve to limit the current through the 
first path. 

15 

The control circuit preferably comprises a second 
electrical path. This comprises the load section of a 
transistor, which on one port is connected with a second 
voltage and on the other port with a diode. The 

20 transistor can be controlled by the enabling signal. The 
second path serves in particular to regulate pre-set 
control voltages in the inactive state, especially as 
long as the voltage on the circuit node is below the at 
least one threshold value. Above all the second path 

25 prevents damage to the transistors or malfunctioning of 
the same, if the minimum permissible voltage on the 
circuit node is not reached. 

The driver circuit according to the invention is 
30 preferably implemented in CMOS technology. The 
transistors are then MOSFET's. 
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In particular the at least two first transistors are p- 
channel MOSFET's and the at least two second transistors 
are n-channel MOSFET's. 

5 Finally a gate control may be proposed, which serves to 
control the gate voltage of at least one transistor of 
the at least two first transistors. The gate control with 
a voltage on the circuit node, which is greater than the 
first voltage, increases the potential on the gate of the 
10 at least one transistor approximately to the voltages on 
the circuit node. As a result the at least one transistor 
is prevented from switching on by itself due to the high 
voltage on the circuit node. 

15 With such a high voltage on the circuit node in order to 
prevent current flowing through diodes between wells of 
the at least two first transistors and the substrate, a 
well control may further be provided for controlling the 
well voltages of the at least two first transistors. The 

20 well control, similar to the gate control, increases the 
voltage on the wells in such a manner that the 
wells/substrate diodes cannot conduct if there is a high 
voltage on the circuit node. 

25 Further advantages, features and possible applications of 
the present invention result from the following 
description in conjunction with the embodiments 
represented in the drawing. 

30 The invention is described in detail below on the basis 
of the embodiments represented in the drawing, wherein : 
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Fig. 1 



shows an embodiment of the driver circuit 



Fig. 2 



according to the invention; 

shows an embodiment of a known driver circuit. 



5 



In the following partly the same, functionally similar 
and/or similarly acting components and/or signals are 



designated with the same reference symbols. With regard 



to the description of Fig. 2 reference is made to the 
introduction to the description. 
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The driver circuit shown in Fig.l, like the circuit 
represented in Fig. 2, has a circuit node 10, MOSFET's 
PI, P2, Nl and N2, a first and second port 18 or 20 for a 
distributor logic, a gate control circuit 12 and an n- 
15 well control circuit 14. The MOSFET's PI, P2, Nl and N2 
have the same function as the driver circuit shown in 
Fig. 2 and are of the same type. 

An enabling signal ENQ can be sent via an enabling port 
20 2 6 to the driver circuit illustrated, which switches the 
driver circuit into an active or an inactive state. Since 
the enabling port 26 is low active, a logic high signal 
on the enabling port 2 6 switches the driver circuit into 
the inactive state, while a logic low signal on the 
25 enabling port 2 6 switches the driver circuit into the 
active state. 

A control circuit of the driver circuit illustrated is 
essentially formed by an inverter 16, an n-channel-MOSFET 
30 N3, p-channel-MOSFET's P3-P6, diodes D1-D4 and a resistor 
Rl. The control circuit in particular serves to produce 



control voltages U P2 and U N2 , which are fed to the MOSFET's 
P2 or N2. The MOSFET P5 is, like the MOSFET PI, connected 
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with a voltage U I0 , while the two MOSFET's Nl and N3 are 
connected with a reference potential. 

In order to change the driver circuit illustrated into an 
5 active state, the enabling signal ENQ, which has a logic 
low level, is fed from an internal logic of a circuit 
module, that is connected to the driver circuit via the 
enabling port 26. The fed enabling signal ENQ is inverted 
by the inverter 16 and supplied to the transistors N3, 

10 P3, P4 and P6. Furthermore the enabling signal ENQ is 

supplied directly to the transistor P5. Due to the logic 
low level of the enabling signal ENQ the transistors P5 
and N3 are changed to a conductive state, while the 
transistors P3, P4 and P6 are blocked due to the inverted 

15 enabling signal ENQ. 

The conductive MOSFET N3 ensures that the control voltage 
U P2 lies on the reference potential, so that the p- 
channel-MOSFET P2 is changed to a conductive state. 

20 Likewise the conductive MOSFET P5 ensures that the 

control voltage U N2 lies approximately on the potential of 
the first voltage U I0 , so that the n-channel-MOSFET N2 is 
likewise conductive. In particular the two transistors P2 
and N2 are in saturation, so that maximum current can 

25 flow via their load sections. The potential or the logic 
level on the reference node 10 can now be determined via 
the two MOSFET's PI and Nl. 

The driver circuit is changed into the inactive state, if 
30 a logic high level lies on the enabling port 2 6 as 
enabling signal ENQ. This ensures that the two 
transistors N3 and P5 are blocked. Due to the inverted 
enabling signal ENQ the transistors P3, P4 and P6 are 
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changed into the conductive state. The gates or control 
ports of the two transistors P2 and N2 are then connected 
with one another via the now conductive transistor P6, to 
be more exact its load section. 

5 

If now no over-voltage arises on the circuit node 10, 
that is to say voltage on the circuit node 10 does not 
exceed a pre-set threshold value, a bias voltage is 
generated via the MOSFET P3, the diode Dl and the 

10 resistor Rl, from which bias voltage the control voltages 
U P2 and U N2 are derived for the two transistors P2 or N2 . 
The bias voltage is derived from a voltage U core , which 
lies on a port of the load section of the MOSFET P3. In a 
typical embodiment the bias voltage lies at approximately 

15 IV. As a result negative voltages on the circuit node 
10 of up to approximately -1 V cannot generate 
inadmissibly high voltages on the two transistors P2 and 
N2. 

20 As soon as the voltage on the circuit node 10 exceeds the 
pre-set threshold value mentioned above, the path to the 
reference potential formed by the diodes D2 to D4, the 
load section of the MOSFET P4 and the resistor Rl becomes 
conductive. As a result a voltage is applied on the 

25 circuit node of the load sections of the two transistors 
P4 and P6, which lies about three diode threshold 
voltages below the voltage on the circuit node 10 and 
increases in proportion to the voltage on the circuit 
node 10. As a result of the diode Dl a current flowing 

30 from the circuit node to the voltage U core via the load 
section of the transistor P3 is blocked. 
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In particular due to the voltage formed on the circuit 
node of the two load sections of the transistors P4 and 
P6, which increases in proportion to the voltage on the 
circuit node 10, the voltage between gate and circuit 
5 node of the two transistors P2 and N2 is now prevented 

from becoming inadmissibly high, which could lead to the 
destruction of the two transistors. 

An advantage of the control circuit illustrated consists 
10 in the easy scalability of the bias voltage. By suitable 
choice of the resistor Rl and the number of diodes in the 
diode chain D1-D4 the bias voltage may be adapted to a 
technology in which the driver circuit illustrated is 
produced. The pre-voltage of the gates or control ports 
15 of the two transistors P2 and P4 at approximately 1 V in 
the low voltage range prevents short term voltage surges 
on the two transistors P2 and N2 should the potential on 
the circuit node 10 increase very rapidly and the 
readjusting circuit from the diodes D2-D4 and the 
20 resistor Rl cannot "cope with" this rapid increase. 

In order to prevent the MOSFET PI from switching on 
automatically or a current from flowing through the diode 
which is formed by the n-well and the p-substrate in the 

25 case of the two p-channel-MOSFET' s PI and P2, the gate 
control circuit 12 and the n-well gate circuit 14 are 
provided. These two gate circuits 12 and 14 ensure that 
if there is potential on the circuit node 10, which is 
greater than the voltage Ui 0 the potential of the n-wells 

30 of the two transistors PI and P2 and the potential at the 
gate of the transistor PI are increased approximately to 
the potential on the circuit node 10. 



